Abstract Women experiencing severe perinatal mental illness during pregnancy or postpartum have unique needs when psychiatric hospitalization is indicated. Although many countries have established mother-baby psychiatric units, similar facilities have not been available in the US.
Introduction
Perinatal depression (PND) is a commonly occurring mood disorder during pregnancy and postpartum affecting 10-15 % of women and, when untreated, poses significant morbidity to the patient and her family. Although most cases of PND can be effectively managed in outpatient settings, a significant number of women have severe disease requiring psychiatric hospitalization for safety and stabilization. Moreover, although rare, postpartum psychosis (PP) is a severe form of a postpartum mood disorder with rapid onset of symptoms within the first days to weeks postpartum and is characterized by delusions, hallucinations, and bizarre behavior (Doucet et al. 2011) . PP has a prevalence of 0.1 % but can have disastrous consequences including maternal suicide and infanticide and usually requires immediate and aggressive inpatient psychiatric treatment (Sit et al. 2006; Blackmore et al. 2013) .
Specialized psychiatric mother-baby units (MBUs) were first developed in the UK approximately 50 years ago and are now also found in France, Belgium, Germany, The Netherlands, Australia, New Zealand, and other parts of Europe (Bardon et al. 1968; Isserlis et al. 1980; Kumar et al. 1995; Oates 1996; Howard 2000) . Inpatient MBU treatment formulation addresses mental illness within the context of maternal functioning and with particular attention to maternal-infant attachment. The European model also has a strong focus on preserving the mother's role within the family (i.e., meal preparation and/or childcare) as part of inpatient programming. To date, the literature on the efficacy of such MBUs demonstrates good treatment response and mother-infant outcomes in these intensive long-term settings, suggesting the importance of offering this type of specialized care (Stewart 1989; Milgrom et al. 1998; Buist et al. 2004; Cazas and Glangeaud-Freudenthal 2004; Salmon et al. 2004; Wilson et al. 2004; Nair et al. 2010) .
Despite the widespread implementation of MBUs in other countries over the past 50 years, distinct differences between the US health care system and those systems abroad have prevented a similar movement in the US. First, while international mother-baby inpatient units admit infants along with their mothers during treatment, the current US health system does not support the necessary neonatal/pediatric resources that would allow infants to remain on the unit with their mothers 24 h a day. Second, the overall length of stay (LOS) characterizing US psychiatric hospital admissions is steadily decreasing (Blader 2011) . In contrast, in Australia, the average length of stay at a MBU is greater than 3 weeks (Buist et al. 2004 ), a minimum of 14 days longer than most US psychiatric inpatient hospital admissions (Blader 2011 ). To our knowledge, there have been no published comparisons between the specialized MBUs and hospitalization in a general adult psychiatric unit.
In the US, the clinical need for the development of specialized outpatient perinatal psychiatry programs has produced an increasing demand from both patients and health care providers for specialized inpatient psychiatric care for women with severe mental illness during pregnancy and the postpartum. The first step toward offering such specialized care for perinatal women in the US occurred in 2000, when Brown University began a psychiatric mother-baby day-hospital program (Howard et al. 2006) . In 2008, the University of North Carolina at Chapel Hill (UNC-CH) Neuroscience Hospital piloted a perinatal psychiatry inpatient unit, sharing space with the geriatric psychiatric inpatient unit (Bullard et al. 2009 ). However, patient satisfaction comments from 2008 to 2010 stated discomfort and dislike with the shared space, particularly because of visiting restrictions for babies and small children that impose separation of the mother and baby. Consequently, due to the ever-growing number of referrals to the perinatal psychiatry program and increasing demand from patients and providers, in 2011, this shared space was converted into a new free-standing Perinatal Psychiatry Inpatient Unit (PPIU). Our hope was that, although the service was not identical to the MBUs abroad, we would be able to provide excellent and efficacious patient care in a shorter LOS.
The facilities of the new PPIU include five patient beds (three private and two semiprivate), a large day/ group treatment room, and a nurse's station. Although normal hospital hours are extended in the PPIU (8 a.m. to 8 p.m.) to encourage infants to remain on the unit as long as possible, no infants (or other family members) are allowed to stay overnight. Unique features of the PPIU include gliders in patient rooms for nursing/ feeding, hospital grade breast pumps, refrigeration and freezer storage for breast milk, group therapies including art, relaxation, behavioral, and mindfulness-based cognitive therapy, M-wave biofeedback therapy, mother-infant attachment therapy, family and partner-assisted interpersonal psychotherapy, therapeutic yoga, spiritual support, and full discharge planning for transitioning patients to appropriate community outpatient services. The multidisciplinary staff includes nurses cross-trained in obstetrics and psychiatry, lactation consultants, chaplain, recreational and occupational therapists, certified yoga instructor, psychologists, psychiatrists, and a social worker.
Our specific aims for this report are to (1) prospectively assess the severity of perinatal psychiatric illness and other comorbid psychiatric symptoms in pregnant or postpartum women admitted to the UNC-CH PPIU at two time points, within 24 h of admission to the unit and within 24 h of discharge; (2) examine additional variables (such as marital status, insurance status, number of children at home, adverse life experiences, and functional impairment) that might associate with or predict course or outcome; and (3) report the average LOS, comparing to average LOS reported in the literature for MBUs elsewhere. We hypothesized that a greater number of adverse events and poorer work and social functioning would be associated with increased severity of psychiatric symptoms at admission and decreased response to treatment.
Materials and methods
We collected self-report survey data at two time points (within 24 h of inpatient admission and within 24 h of discharge) from women admitted to the UNC-CH PPIU between September 2011 and September 2012. Eligible subjects were all Englishliterate women admitted to the PPIU with psychiatric illness during pregnancy or postpartum. One woman refused to complete the surveys both at admission and discharge, and is therefore not included. At admission, approximately 80 women were able to provide self-report data, and all 91 women completed the discharge measures. Between 58 and 65 women completed measures at both time points (not all women completed all scales). While not ideal, these data reflect the challenges to collecting data from individuals with serious mental illness in an active hospital inpatient unit. A few women were too psychotic to complete the measures at admission but able to do so at discharge.
The survey data is part of routine clinical care on the PPIU, and as such, it is part of a deidentified clinical database. The UNC Institutional Review Board Committee for the Protection of Human Subjects approved data collection and analysis of the deidentified patient data.
Measures
The Edinburgh Postnatal Depression Scale (EPDS) was developed specifically as a screening tool for postpartum depression (Cox et al. 1987 ) but has been validated and highly utilized during the entire perinatal period, including pregnancy (Gaynes et al. 2005) . It inquires about the common neurovegetative symptoms of depression, excluding somatic symptoms such as fatigue and changes in appetite that occur naturally in pregnancy and would not discriminate depressed women from non-depressed women. The reported split-half reliability of the EPDS was 0.88 and the standardized Cronbach's alpha coefficient was 0.87 (Cox et al. 1987) . Total scores on this ten-item multiple-choice scale range from 0 to 30, with higher scores reflective of greater symptom severity.
The Patient Health Questionnaire-9 (PHQ-9) item form is one of the most commonly utilized screening instruments for depressive symptoms in a wide variety of clinical populations, including obstetric patients (Spitzer et al. 2000; Kroenke et al. 2001) . Nine items are based upon the DSM-IV criteria for major depressive disorder (MDD). In obstetric patients, the instrument was found to have a sensitivity of 73 % and specificity of 98 % compared to a structured psychiatric interview diagnosis of MDD. Total scores of the nine items range from 0 (no symptoms) to 27 (severe depression), and a tenth item inquires about the difficulty the symptoms may have posed for the patient in functionality (Spitzer et al. 2000) .
The Work and Social Adjustment Scale (WSAS) is a fiveitem self-report scale that assesses functional impairment associated with a specific problem (e.g., depression) (Mundt et al. 2002) . Responses on the scale range from 0 to 8 with 0 indicating no impairment and 8 indicating very severe impairment, yielding possible scores between 0 and 40. Questions ask about functioning at work, home, social activities, leisure activities, and close relationships. Reliability and validity data are available for patients with depressive disorders. Internal consistency for the WSAS is reported as Cronbach's α between 0.79 and 0.94. The scale has been found to highly correlated with symptom severity (Mundt et al. 2002) .
The adverse childhood experiences (ACE) questionnaire was developed in 1998 by a group of researchers for a large health maintenance organization (Felitti et al. 1998 ). Respondents answer "yes" or "no" to ten items on the scale, with "yes" answers carrying a value of one, for a possible range of 0-10 (higher scores indicating more childhood trauma). Items were drawn from existing scales to define psychological and physical abuse, violence against the respondent's mother, sexual abuse, and alcohol or drug abuse during childhood (Wyatt 1985; Statistics 1991) . All questions are prefaced by the phrase, "While you were growing up during your first 18 years of life…"
The Generalized Anxiety Disorder scale (GAD-7) is a brief seven-item screening tool to assess the presence of Generalized Anxiety Disorder (GAD) in primary care populations (Spitzer et al. 2006; Swinson 2006) . Respondents are asked to indicate to what extent over the last 2 weeks they have felt bothered by their symptoms: not at all (0), several days (1), more than half the days (2), or nearly every day (3). At the cutoff score of 10, reported sensitivity is 89 % and specificity is 82 % at identifying true cases of GAD. Thresholds for levels of severity are 0-4 "minimal," 5-9 "mild," 10-14 "moderate," and 15-21 "severe."
We also examined patient satisfaction ratings with the hospital service. All UNC Hospital patients are invited to rate satisfaction on hospital quality utilizing the Press Ganey report and these scores are then tabulated by unit (LLC 2008) . Although these hospital-collected data cannot be linked with the data collected by our team, they do provide an overall measure of satisfaction of inpatient service. The Press Ganey report inquires about patient satisfaction with multiple facets of nursing and physician care such as the promptness of responding to patient needs, communication of the team with patient about treatment plan, general helpfulness of all team members, and perceived quality of care.
Statistical methods
Analyses were conducted using JMP 9.0 statistical software (SAS, Cary, NC). In our sample of women, we performed descriptive statistics that included percent tabulations for categorical variables, means with standard deviations for continuous variables, and medians with ranges where more appropriate. On patients who provided data at both admission and discharge, our primary outcome measures were the symptom changes (depression and anxiety) and the patient's perception of functional status from admission until discharge from the inpatient unit, reported by nonparametric correlation coefficients and/or paired t test analyses. Bivariate analyses were conducted using chi-square statistics for categorical variables. The statistical significance level was set at p <0.05 and there were no corrections for multiple comparisons. Table 1 describes the demographic characteristics for our study cohort of 91 perinatal patients (38 pregnant and 55 postpartum; two women were both pregnant and postpartum), admitted between September 2011 and September 2012 to the UNC Neurosciences Hospital Perinatal Psychiatric Unit for a mean LOS of 6.93 days (sd = 4.10). Patients averaged 28.81 years of age (sd =6.12) and were racially diverse (54.95 % White, 31.87 % African-American, 13.64 % Hispanic, and 12.09 % other; some endorsed both Hispanic and non-White). More than half were married (53.85 %) and almost half were privately insured (49.45 %). Patients reported a mean of 3.42 (sd =2.44) ACE. Among the adverse experiences reported by our cohort on the ACE, 47 % endorsed emotional abuse, 46 % reported sexual abuse, 25 % reported physical abuse, and 44 % reported someone in the childhood home abused alcohol or illicit drugs. With regard to obstetric history, 25 % were primiparous; multiparous women reported a median of two pregnancies (range=1 to 14) and one child at home (median, range=0 to 6).
Results

Demographic characteristics
Primary psychiatric diagnosis and comorbidity Unipolar mood disorder without psychosis was the most frequent primary discharge diagnosis (60.43 %; n =55); 6 patients had a diagnosis of bipolar disorder (6.59 %), and 11 patients (12.09 %) had a psychotic disorder of some kind. Nearly half of the cohort bore diagnoses of comorbid psychiatric illness(es) (40.65 %); of the 37 patients receiving a second diagnosis, anxiety disorders were the most represented (40.54 %). According to responses on item 10 of the EPDS inquiring about suicidal ideation, 86.49 % (64/74) endorsed thoughts of self-harm. Table 2 depicts the diversity of discharge psychiatric diagnoses of our patients.
Symptomatic change
Capturing questionnaires at admission and discharge was challenging due to unexpected discharge and limited time from discharge decision to patient departure. Nevertheless, we captured information at both time points from about two thirds of the cohort, demonstrated in Fig. 1 . There were significant reductions in symptoms of depression between the time of admission and the day of discharge; the mean score of the EPDS at admission was 20.23 (n =73, sd =5.57) and at discharge was 10.00 (n =76, sd =5.50). The mean difference of EPDS sum scores (−10.29) calculated by a dependent t test was significant at p < 0.0001 (n =65, t (64) a Item 10 of the EPDS scale ratio=−12.53, CI=−11.93 to −8.65). Results from the PHQ-9 were similar, with the mean score at admission 16.54 (n =69, sd =7.43) and 7.62 (n =69, sd =5.79) at discharge, a mean difference of −9.47 (n =58, mean difference=−9.47, t ratio= −9.47, CI=−11.48 to −7.47, p <0.0001). Anxiety reported on the GAD-7 also experienced significant change. On admission, the mean sum score of the GAD-7 was 14.48 (n =77, sd =5.52) compared to a mean sum score of 7.54 at discharge (n =75, sd =5.15), a significant mean difference of −7.69 (n = 63, t ratio=−9.58, CI=−9.29 to −6.08, p <0.0001). Patients also reported that their overall functioning was improved; the mean sum score of the WSAS at admission was 24.86 (n =76, sd =10.73) and 14.62 (n =7, sd =11.88) at discharge, a significant mean difference of −10.96 (n =62, t ratio=−7.28, CI= −13.96 to −7.95, p <0.0001).
Relation between adverse childhood experiences and symptoms
We examined the relation between symptom status at admission and discharge with the measure of ACE, but nonparametric correlation coefficients between the EPDS, PHQ-9, or GAD-7 and the ACE did not reach significance (EPDS r = 0.13, p =0.28; PHQ-9 r =0.16, p =0.20; GAD-7 r =0.15, p = 0.19).
Relation between number of children and symptoms
The relation between the number of children and maternal symptoms at time of admission was assessed. Women admitted to the unit with more than one child reported significantly greater levels of depression as measured by the EPDS and anxiety symptoms as measured by the GAD-7 compared to the primiparous mothers (p <0.0001).
Patient service satisfaction on the PPIU
We were also interested in hospital-collected Press Ganey data regarding inpatient experience and perception of care on the PPIU. Patients on the PPIU rated the unit highly with a mean score of 91.9 % (depicted in Fig. 2 ) that ranks in the top tier of all units across UNC Hospitals.
Discussion
The study cohort is comprised of women admitted during the first year of a new specialized inpatient perinatal psychiatry unit for acute stabilization and treatment of severe perinatal mental illness. Most of the women admitted to the PPIU presented with a primary diagnosis of a mood disorder and, consistent with the international literature on the primary psychiatric diagnosis indicating hospitalization (Nair et al. 2010) , approximately 12 % presented with psychotic symptoms. The EPDS scores at the time of admission indicated severe symptomatology, with the vast majority of the women endorsing active thoughts and intent of self-harm.
This cohort also represents a racially and socioeconomically diverse population of perinatal women. History of childhood trauma was high, with the mean number of adverse childhood experiences greater than three, and emotional, sexual, and physical abuse being the most commonly reported traumatic events. This is consistent with previous literature documenting high rates of abuse and trauma in women with perinatal depression (Ansara et al. 2005; Kendall-Tackett 2007; Onoye et al. 2009; Silverman and Loudon 2010; Meltzer-Brody et al. 2013 ) and is likely a risk factor for the degree of symptom severity observed in women requiring inpatient psychiatric hospitalization for perinatal mental illness.
Based upon these findings and those from MBUs abroad, specialized and targeted interventions appear appropriate for mental illness during the perinatal period. In our cohort, the response to treatment was robust as evidenced by statistically and clinically significant reductions in symptom severity and improvement in functioning across all domains including mood, anxiety, and social adjustment and functioning. Ratings of depressive symptoms dropped over ten points from time of admission to discharge, and ratings of anxiety symptoms dropped almost eight points, reflecting rapid stabilization and decreased distress over a relatively short period of time, particularly in comparison with the longer LOS reported in international MBUs. This is consistent with the treatment efficacy observed in specialized perinatal psychiatric units across the world and suggests that this is an important and feasible treatment option in the US (Milgrom et al. 1998; Buist et al. 2004; Salmon et al. 2004) , Moreover, the patient reports of satisfaction with the PPIU were very high (mean=91.9 %) as assessed by the Press Ganey surveys over the course of the first year of operation of the PPIU. Patient perception of their care and satisfaction with the PPIU are also meaningful measures of the success of the program. Due to the relatively short length of stay (LOS) that characterizes inpatient psychiatry units in general in the US, and consistent with the approximately 7 day LOS of this PPIU cohort, programming was developed with a strong focus on teaching skills and tools to manage anxiety and distress postdischarge (Hendrick et al. 2000; Bernstein et al. 2008; Paul et al. 2013) . Heart rate variability biofeedback therapy, an effective tool for demonstrating to the patient the physiological effects of anxiety (Karavidas et al. 2007 ), has been particularly effective as patients see first-hand how relaxation training, diaphragmatic breathing, and mindfulness techniques combat their distress (Beckham et al. 2013) . Individual psychotherapy sessions allow one-to-one targeting of triggers for symptoms and planning for the unique post-discharge challenges each woman will address. A nurse/certified instructor teaches yoga classes twice a week, and videos are available for patients to extend yoga to other days as well (Battle et al. 2010; Beddoe et al. 2010; Babbar et al. 2012) . Psychotherapy groups, two afternoons a week, are formatted to include interventions from mindfulness-based cognitive therapy (Bach and Hayes 2002; Hayes et al. 2006; Dimidjian and Davis 2009) and acceptance and commitment therapy (Bach and Hayes 2002; Hayes et al. 2006) , and art/ expressive therapies extend to three other afternoons (Oster et al. 2006; Hughes and da Silva 2011) (Hughes and da Silva 2011; Oster et al. 2006 ). Mothers and infants attend an attachment group, led by a psychologist trained in parent-infant psychotherapy, and a specific group for partners and caregivers is held Wednesday evenings, modeled after partnerassisted interpersonal psychotherapy (Brandon et al. 2012) .
While the data from the first year of operations are promising, there are limitations to this report. Data were collected from a single PPIU within a university-based hospital system in the US and so may not generalize to a different setting. The sample size of 91 subjects is modest, and we do not have long-term follow-up data on the patients discharged from the unit to assess ongoing treatment response and longitudinal course of illness. Additionally, as is typical in the US healthcare system, infants are not able to room-in on the unit overnight which could potentially impact attachment with the mother.
Summary
The UNC-CH PPIU provides psychiatric care in a safe and supportive setting to pregnant and postpartum women requiring the intensity of a psychiatric hospitalization. The PPIU is the first such inpatient facility in the US, and, while modeled after MBUs located around the world, it was adapted to be compatible with the US health care system. Although infants are not able to stay overnight on the unit, they do spend significant time on the PPIU and care is taken to foster mother-infant attachment and provide treatment of the mother-infant dyad and family. The specialized and targeted interventions appropriate for the perinatal period are aimed at treating anxiety and depression and more severe psychiatric symptoms such as psychosis, in order to help the mother recover. Patient outcomes measured by pre-and posttreatment assessment instruments over the first year of operation of the PPIU demonstrated clinically and statistically significant symptom improvement across all domains, and patient service satisfaction was high.
Future work aims to address the transition from intensive inpatient treatment to the outpatient setting. We will focus on continuing mother-infant attachment therapies and other treatment modalities in a stepwise and evaluative process to ensure the therapies initiated on the PPIU are continued in the outpatient setting. Although patients from our community often move from inpatient treatment to follow-up outpatient care in our women's mood disorders clinics, a number of patients from outside the region may not have access to the same specialized care. Promising advances in Telehealth and web-based therapies or resources may in the future inform discharge plans.
